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DISTANCE MEASURING SYSTEM 



BACKGROUND OF THE INVENTION 
The present invention relates to a distance measuring 
system for measuring a distance to an object to be measured 
by projecting a distance measuring light beam toward the 
object and by receiving the reflection light beam from the 
object, and in particular, to a distance measuring system 
for measuring a distance by receiving the light beam 
reflected from a surface of an object to be measured or by 
installing a prism on the object to be measured and by 
receiving the reflection light beam reflected from the prism. 

In recent years, a new type of a distance measuring 
system has appeared, by which a distance to an object to be 
measured can be determined without using a prism for 
reflecting a distance measuring light beam. This new type 
of the distance measuring system measures the distance by 
receiving the weak reflection light beam reflected from the 
surface of the object to be measured itself or by emitting a 
pulsed light beam with high peak power and by receiving the 
reflection light beam reflected from the surface of the 
object to be measured itself. 

Also, a type of a distance measuring system has appeared 
recently, which can measure a distance in a prism 
measurement mode using a prism and also in a non-prism 
measurement mode without using a prism. In this measuring 
system, both the prism measurement mode and the non-prism 
measurement mode can be selected depending on each 
application or situation. Because the measurement mode can 




be selected, there is no need to provide a light wave range- 
finder in the prism measurement mode and a laser range- 
finder in the non-prism measurement mode, and this is very 
. convenient and advantageous for the user. When the 
measuring position should be clearly defined and the 
measurement should be performed with high accuracy in the 
distance measuring system, which has functions to measure 
the distance in both of the two measurement modes, i.e. the 
prism measurement mode and the non-prism measurement mode, 
the distance is measured using the prism. If it is 
O difficult to install the prism on the object to be measured, 

U1 and if the measurement may not be so accurate as in the 

CO measurement using the prism and the approximate distance 

m would be measured, the distance is measured without using 

[, w the prism. 

In a conventional type of a distance measuring system 
with a non-prism measuring function, the distance is 
O measured by receiving the reflection light beam from the 

object to be measured with a very small reflection light 
amount. For this reason, it is designed in such manner that 
photodetection sensitivity is set to a higher value or an 
exit light amount of the distance measuring light is set to 
a higher value. In this respect, even when the prism is not 
correctly collimated in the prism measurement mode, the 
measurement may be performed using reflection light beam 
from the surface of an object other than the prism, e.g. a 
natural object. In this case, the incorrectly measured 
distance value may be displayed on a display unit of the 
distance measuring system. 



2 



In particular, when the user measures the distance using 
the prism, the distance must be measured with high accuracy 
as described above. If the distance is measured even though 
the prism is not correctly collimated, the user may acquire 
an incorrect distance value without becoming aware of 
incorrectness of the data. In addition, when there is an 
obstacle before the prism and a part of the distance 
measuring light beams hits the obstacle, the user may 
measure the distance to the obstacle without being aware 
that it is not the object to be measured. Furthermore, even 
u * when the user becomes aware, it is difficult to judge which 

;«H is correctly measured, the obstacle or the object to be 

'ST t 

CO measured. 

m 

These problems did not occur in case of the conventional 
type of a light wave range-finder, which can measure the 

.ICS. 

'I distance only in the prism measurement mode. That is, in 

case of the conventional type of the light wave range-finder, 

OA 

Q the distance cannot be measured unless the sufficient light 

amount is reflected as the reflection light beam from the 
prism. If the distance is not measured in the conventional 
type- of the system, it means that the prism is not correctly 
collimated. Thus, incorrect measurement of an object other 
than the prism did not occur in the conventional type of the 
system. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 
distance measuring system, by which a type of an object to 
be measured is judged from a photodetection amount of a 
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light beam reflected from the object to be measured and from 
a measured distance value, and it is possible to eliminate 
incorrect measurement in case of prism measurement. 

To attain the above object, the distance measuring 
system according to the present invention comprises a 
control arithmetic unit, a light emitting unit for emitting 
a measuring light beam and a photodetection unit for 
receiving a reflection light beam from an object to be 
measured, and the system being used for measuring a distance 
by receiving the reflection light beam from the object to be 
measured, wherein the control arithmetic unit compares a 
signal based on photodetection amount of the light from the 
object to be measured as well as a result of distance 
measurement with a reference data prestored in the control 
arithmetic unit relating to reflection of the object to be 
measured, and judges the object to be measured based on a 
result of the comparison. Also, the present invention 
provides the distance measuring system as described above, 
further comprising a density filter for adjusting the 
photodetection amount of the light beam from the object to 
be measured, wherein the signal based on the photodetection 
amount represents a density position of the density filter, 
and the reference data relating to reflection of the object 
to be measured is obtained by associating a measured 
distance with the density position of the density filter. 
Further, the present invention provides the distance 
measuring system as described above, wherein the density 
filter is a disk where density is continuously changed in a 
circumferential direction, the density filter is rotated by 




a stepping motor, and the density position corresponds to a 
number of rotating steps of the stepping motor. Also, the 
present invention provides the distance measuring system as 
described above, wherein the reference data relating to the 
reflection of the object to be measured contains change of 
the photodetection amount due to weather conditions as a 
tolerance value. Further, the present invention provides 
the distance measuring system as described above, further 
comprising a display unit, wherein a result of judgment on 
the object to be measured is displayed on the display unit. 
Also, the present invention provides the distance measuring 
system as described above, wherein there are provided at 
least a prism measurement mode and a non-prism measurement 
mode, and when the prism mode is selected, the distance is 
displayed on the display unit only when the object to be 
measured is judged as a corner cube, and the fact that the 
object to be measured is not a corner cube is displayed on 
the display unit when the object to be measured is not 
judged as a corner cube. Further, the present invention 
provides the distance measuring system as described above, 
wherein photodetection sensitivity can be automatically 
changed over according to the photodetection amount of the 
light beam from the object to be measured, the object to be 
measured is judged according to the photodetection amount, 
and a result of judgment on the object to be measured is 
displayed on the display unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematical block diagram of an embodiment 
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of the present invention; 

Fig. 2 is a drawing to explain a density filter to be 
used in the embodiment; 

Fig. 3 is a diagram showing a difference of a light 
amount between a light beam received from a prism and a 
light beam received from a natural object; 

Fig. 4 is a diagram when the light amount of the 
receiving light beam is converted to a transmitting position 
of the receiving light beam on a density filter; 

Fig. 5 is a block diagram of an example of an optical 
system of the embodiment of the present invention; and 

Fig. 6 is a drawing to explain a density filter to be 
used in the optical system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Description will be given below on an embodiment of the 
present invention referring to the drawings. 

Fig. 1 is a block diagram to show a general arrangement 
of a distance measuring unit of a first embodiment of the 
present invention . 

A control arithmetic unit 1 issues a light emission 
control signal to a light emitting unit 2, and the light 
emitting unit 2 emits a distance measuring light beam 7 to 
an object to be measured (not shown) positioned outside the 
system. The distance measuring light beam 7 reflected from 
the object to be measured is received by a photodetection 
unit 3 via a beam attenuation unit 6 as a receiving light 
beam 8. The photodetection unit 3 converts the receiving 
light 8 to an electric signal. The converted electric 
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signal is inputted to the control arithmetic unit 1 as a 
photodetection signal, and the control arithmetic unit 1 
calculates a measured distance value according to the 
photodetection signal 1. 

The beam attenuation unit 6 comprises a motor driving 
unit 4, a motor 5, a density filter 9, etc. The motor 
driving unit 4 receives a photodetection amount adjusting 
signal from the control arithmetic unit 1. Based on the 
photodetection amount adjusting signal/ the motor 5 is 
rotated at a rotation angle, which corresponds to the 
O photodetection amount adjusting signal. The density filter 

l,n 9 is mounted on the rotation shaft of the motor 5 and it is 

m 

;;0 designed to cut off or shield the receiving light 8. 

m On the density filter 9, a zero position is determined 

| y as shown in Fig. 2, and the density becomes continuously 

is J denser as it goes away from the zero position. The density 

rU of a group of diameters shown in Fig. 2 indicates density of 

Q the density filter 9. To adjust the photodetection amount, 

the control arithmetic unit 1 drives the motor 5 via the 
motor driving unit 4 while checking the magnitude of the 
photodetection signal from the photodetection unit 3, and 
rotates the density filter 9. Then, it controls 
transmitting position of the receiving light 8. A stepping 
motor is used as the motor 5, and the attenuation amount of 
the receiving light 8 can be read from a number of steps 
from the position (zero position in Fig. 2) of 
transmissivity 1 (without light attenuation amount) of the 
density filter 9. 

The control arithmetic unit 1 comprises an operation 
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unit 10 and a display unit 11. The operation unit 10 has a 
data input key (not shown) for inputting data relating to 
survey operation and a mode changing switch (not shown) for 
switching over to a survey mode using a prism (prism mode) 
and a survey mode not using a prism (non-prism mode) . On 
the display unit 11, a measured distance value, a selected 
mode, a distance measuring status, etc. are displayed. 

When it is supposed that light emitting intensity of the 
distance measuring light beam 7 emitted from the light 
emitting unit 2 is constant, light amount of the received 
light beam 8 is changed according to reflectivity of the 
object to be measured and also to a distance from the 
distance measuring system to the object to be measured. For 
this reason, when the reflectivity of the reflection surface 
of the object to be measured is high or when the distance 
from the distance measuring system to the object to be 
measured is small, the light amount of the receiving light 
beam 8 increases too much. In this respect, before the 
receiving light beam 8 enters the photodetection unit 3, it 
is attenuated by the beam attenuation unit 6 so that the 
light amount is decreased to such an adequate value that the 

photodetection unit 3 can receive the light beam. 

The receiving light beam 8 changes according to the 
reflectivity of the object to be measured and also to the 
distance from the distance measuring system to the object to 
be measured. It is known that, in case of a corner cube 
commonly used in survey operation, it can be calculated by 
the following equation: 

P = (P 0 - S ob - e" 2/ixL ) / (4ttL 2 - tan 2 a) (D 



where 

P : Light signal detecting ability (nW) 
P 0 : Output of objective lens (nW) 

S ob : Area of photodetecting objective lens (x 10" 10 cm 2 ) 
)8 X : Attenuation rate in atmospheric air between two 
points 

L : Measured distance (km) 
a : Beam spreading angle 

On the other hand, in the non-prism survey mode, the 
distance measuring system receives diffusion light from the 
surface of the object to be measured and measures the 
distance, but light amount of the diffusion light which can 
be received by the distance measuring system is extremely 
smaller compared with the reflection light beam from the 
prism. Fig. 3 shows comparison between the diffusion light 
from the surface of the object to be measured and the 
reflection light beam from the prism. Fig. 3 is a 
conceptual representation of the photodetection amount of 
reflection light beam from a corner cube used in the prism 
measurement mode and from the object to be measured (natural 
object) in the non-prism measurement mode. When 
photodetection sensitivity is changed, a similar trend is 
found in the photodetection amount in the prism measurement 
mode and the non-prism measurement mode. In Fig. 3, the 
curve A represents the photodetection amount of the 
reflection light beam from the corner cube and the curve B 
shows the photodetection amount of the reflection light from 
the natural object. 

As described above, the photodetection amount can be 



expressed by the number of rotating steps of the density 



light beam 8 according to the equation (1) is depends on 
weather conditions, or dusty conditions at the measuring 
site, etc., and the approximate range of changes can be 
defined as tolerances. Even if this approximate range of 
changes is taken into account, there is an extensive 
difference in the photodetection amount between in the prism 
measurement mode and in the non-prism measurement mode. Fig. 

3 can be re-drawn as shown in Fig. 4 by taking these facts 
into consideration. As it is sufficiently evident in Fig. 4, 
from the measured distance to the object to be measured and, 
when the photodetection amount is turned to an adequate 
light amount by the density filter 9, from the density of 

the density filter 9, i.e. from the number of rotation steps, 
the control arithmetic unit 1 can determine whether the 
object is a corner cube or it is a natural object. The 
relation between the measured distance L and the number of 
the rotation steps of the density filter 9 as shown in Fig. 

4 is set in a storage unit (not shown) of the control 
arithmetic unit 1 in advance. In Fig. 4, the curve C 
represents the number of the rotation steps of the density 



filter 9 with respect to the reflection light beam from the 
corner cube, and broken lines above and below of the curve C 
represent the tolerance. The curve D indicates the number 
of the rotation steps of the density filter 9 with respect 
to the reflection light from a natural object. 

The control arithmetic unit 1 drives the motor 5 via the 
motor driving unit 4 based on the photodetection signal from 



filter 9 of the beam attenuation unit 6. 



The receiving 



10 




the photodetection unit 3 so that the photodetection amount 
at the photodetection unit 3 will be an adequate value, and 
it rotates the density filter 9. Further, when the 
photodetection amount is turned to an adequate value, 
driving pulses from the motor driving unit 4 are counted. 
The number of the driving pulses correspond to the number of 
the rotation steps of the density filter 9 and also 
correspond to the rotating position (density) of the density 
filter 9. The photodetection amount is then adjusted, and 
the control arithmetic unit 1 measures the distance to the 
object to be measured according to the photodetection signal 
from the photodetection unit 3. The control arithmetic unit 

m 

CO 1 determines whether the object to be measured is a corner 

in 

rn cube or other natural object according to the results of the 

;. L| 

" distance measurement, the number of driving pulses and the 

data of Fig. 4. The results of this judgment is displayed 
^ on the display unit 11 together with the results of the 

O distance measurement. Alternatively, the control arithmetic 

unit 1 may determine whether the object to be measured is a 
corner cube or a natural object according to the data 
obtained by the photodetection amount before the light 
amount adjustment (the photodetection amount at the density 
filter 9 when light is not attenuated) and by the 
measurement distance instead of the number of driving pulses. 
[Concrete embodiment 1] 

In case the display unit 11 is provided with a 
changeover switch to select the prism mode and the prism 
mode is selected, the control arithmetic unit 1 can 
determine whether the object to be measured is a corner cube 
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or a natural object according to the measured distance and 
the number of the steps of the beam attenuation unit 6 at 
that moment. Only when the object to be measured is judged 
as a corner cube, the display unit 1 displays the measured 
distance. In case the object to be measured is a natural 
object (i.e. an object other than corner cube), the display 
unit 11 does not display the measured distance or display a 
message of a warning that the corner cube is not measured or 
collimation is not accurately performed. 
[Concrete embodiment 2] 

According to the photodetection amount, the control 
arithmetic unit 1 automatically changes over the 
photodetection sensitivity, and the fine light amount 
adjustment is performed at the density filter 9. According 
to the photodetection amount, it is judged whether the 
object to be measured is a natural object or a corner cube, 
and the result of the judgment is displayed on the display 
unit 11. The user judges the measurement status according 
to the display. 

According to the equation (1) given above, the 
calculated photodetection amount is changed depending upon 
various conditions as described above. In order to increase 
the accuracy to judge whether it is a corner cube or a 
natural object, the user can input parameters of the 
distance measuring condition (such as a number or diameters 
of corner cubes, weather conditions, i.e. a range of 
visibility, etc.) to the control arithmetic unit 1 by the 
operation unit 10. 

It is desirable that reference values of the light 




amount and the number of steps as the source for judgment 
and the correcting calculation procedure to correct the 
photodetection amount according to the inputted data are 
stored in a storage unit in the distance measuring system 
main unit, e.g. in the control arithmetic unit 1. 

Fig. 5 is a block diagram which more concretely shows 
the optical system of the present embodiment. In Fig. 5, 
the same components as shown in Fig. 1 are referred by the 
same symbols, and detailed description is not given here. 
The operation unit 10 and the display unit 11 are not shown 
in this figure. 

The measuring light beam 7 and the receiving light beam 
8 exit or enter the distance measuring system via an 
objective lens 22, and a triangular mirror 21 is arranged on 
the optical axis of the objective lens 22. The measuring 
light beam 7 emitted from the light emitting unit 2 is 
guided by an optical fiber 17 for exit light, and the light 
exit end of the optical fiber 17 for exit light is arranged 
at a position opposite to the triangular mirror 21. An 
optical fiber 18 for photodetection having a photodetection 
end at a position opposite to the light exit end of the 
optical fiber 17 for exit light is designed in such manner 
as to guide the receiving light beam 8 toward the 
photodetection unit 3. 

A chopper 19 for changing optical path is disposed 
between the light exit end of the optical fiber 17 for exit 
light and the triangular mirror 21, and the chopper 19 for 
changing optical path is rotated by a chopper motor 16 for 
optical path change. The chopper motor 16 is driven by a 
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chopper motor driving unit 15, and the chopper motor driving 
unit 15 controls the rotation of the chopper motor 16 based 
on a control signal from the control arithmetic unit 1. A 
density filter 20 is disposed between the triangular mirror 
21 and the photodetection end of the optical fiber 18 for 
photodetection, and the density filter 20 is rotated by the 
motor 5 . 

Fig. 6 shows the density filter 20, which has a 
reference light attenuation area 20a in the outer peripheral 
portion and a receiving light attenuation area 20b at the 
central portion. The reference light attenuation area 20a 
is continuously designed so that the light amount is 
attenuated to 1/10 when rotated by one turn, and it has a 
pattern showing the zero position. On the receiving light 
attenuation area 20b, the density is changed continuously so 
that the light amount is attenuated to 1/10 5 when it is 
rotated by one turn. 

When the chopper motor 16 is rotated, the optical path 
of the light beam emitted from the light emitting unit 2 is 
changed to the measuring light beam 7 or to a reference 
light beam 24. The measuring light beam 7 is reflected by 
the outer reflection surface of the triangular mirror 21 and 
it is projected toward the object to be measured (not shown) 
via the objective lens 22. The receiving light beam 8 
reflected from the object to be measured is reflected by the 
other outer reflection surface of the triangular mirror 21. 
Then, it passes through the reference light attenuation area 
20a of the density filter 20 and enters the optical fiber 18 
for photodetection and is further guided toward the 



photodetection unit 3. 

The reference light 24 is reflected by an inner 
reflection surface of the triangular mirror 21. Then, it 
passes through the receiving light attenuation area 20b of 
the density filter 20, enters the optical fiber 18 for 
photodetection and is guided toward the photodetection unit 
3. 

When the chopper 19 for changing optical path is rotated 
by the chopper motor 16, the light beam is changed over to 
the measuring light beam 7 or to the reference light beam 24. 
£3 The control arithmetic unit 1 is composed in such manner 

i.H that it calculates the distance to the object to be measured 

C3 by subtracting the measured distance value when the 

; as; 

i;fj reference light beam 24 (for error correction) is selected 

[~ from the measured distance value when the measuring light 

4; beam 7 is selected. 

TU When the reference light beam 24 is selected by the 

□ chopper 19 for changing optical path at the start of the 

operation and the density filter 20 is rotated by the motor 
5 and zero position pattern is detected where the 
transmitted light amount is turned to a discontinuous value, 

the control arithmetic unit 1 can detect the zero position 

of the beam attenuation unit 6. After the zero position has 
been detected, the measuring light beam 7 is selected by the 
chopper 19 for changing optical path. Then, the control 
arithmetic unit 1 rotates the motor 5 so that the 
photodetection amount of the receiving light beam 8 
reflected from the object to be measured is turned to an 
adequate value, and the object to be measured is determined 
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as described above. Specifically, a rotation angle of the 
density filter 20 is determined, i.e. the number of the 
driving steps of the motor 5 based on signal from the 
photodetection unit 3 is counted. Based on the number of 
the driving steps thus counted, on the result of the 
distance measurement and on the reference data relating to 
the reflection of the object to be measured as shown in Fig. 
4, the control arithmetic unit 1 judges whether the object 
to be measured is a prism (a corner cube) or other natural 
object. It may be designed in such manner that a 
;<pf photoelectric conversion detector is disposed on the 

i>n circumference of the density filter 20 and the rotating 

in 

CO position of the density filter 20 may be calculated. In the 

ui above, the density filter 20 is designed in circular shape, 

i y 

! s while it may be designed in an oblong shape and may be used 

[ *S by sliding. 

jjf According to the present invention, it is possible to 

Q determine whether the object to be measured is a corner cube 

or a natural object from the relation between the measured 
distance value and the photodetection amount, and this 
eliminates the possibility that the user may not perform 
correct collimation when the corner cube measurement is 
selected and may erroneously measure the distance based on 
the reflection light beam from the object other than the 
prism. Therefore, according to the present invention, the 
measurement can be performed with high reliability. 
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